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The effect of zinc sulphate on protoplasmic streaming 

Hester M. Rusk 
(with two text figures) 

In view of the fact that metallic poisons in minimal doses 
stimulate the metabolic activity of many plants, as has been 
shown by the researches of many workers, it seemed a matter of 
interest to determine whether any ocular evidence of excitation 
could be observed in individual cells. Of all the poisons employed 
we have the most data regarding the effect of zinc sulphate, and 
in this work the observations were limited almost entirely to the 
action of that salt. A few observations were made with other 
substances, such as cobalt nitrate and sulphuric acid, but without 
very definite results. The most convenient visible reaction to 
observe is the effect on the rotation of protoplasm in active cells. 
For this purpose cells of the leaf of Elodea canadensis and cells 
from an uncorticated Chara were taken. 

While the literature is rich regarding the action of metallic 
poisons on the stimulation of growth and certain of the metabolic 
processes concerned in the use of nutrient material, there is not a 
large amount on the effect of irritant substances on the rate of 
streaming. Ewart (1, p. 87) says, "all concentrations fof metallic 
poisons] sufficient to produce any effect cause from the outset 
progressive retardation." He cites only experiments with sodium 
chloride (0.1-0.5 per cent) and cupric sulphate (0.5-10 per cent), 
however. 

With regard to the effect of metallic poisons on other functions 
of plants it has been found (1) That zinc sulphate in concentra- 
tions from 0.000125 N to 0.002 N stimulates the growth of Asper- 
gillus niger and Penicillium glaucum, resulting in an increase of 
dry weight. The greatest stimulation was obtained by a con- 
centration of from 0.000125 N to 0.0005 N (see Richards, 2). 
(2). That the same concentrations of zinc sulphate stimulate the 
same fungi, causing them to make a more economical use of sugar. 
The greatest stimulation was obtained by 0.00025 N (see 
Richards, 3). (3) That zinc sulphate in concentrations from 
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0.0003 N to 0.0015 N stimulates Sterigmatocystis nigra with the 
result that less nitrogen is fixed by the fungus. The greatest 
stimulation was obtained by solutions from 0.0003 N to 0.001 N 
(see Latham, 4). 

For the test solutions in this work Merck's reagent zinc sulphate 
was used and was kept sealed with paraffin when not in use. 
It was weighed out on a delicate Becker balance, and a 0.1 N 
stock solution made. For most of the work with Elodea, the 
stock solution was made up in distilled water; but for part of this 
work, and for all of that with Chara, double distilled water was used. 
Dilutions were made from this stock solution as needed. For all 
measurements accurately graduated flasks and pipettes were 
used. Filtered tap water was considered to be a better medium 
for controls than distilled water, since it is much more like the 
medium in which these plants naturally live. Hence tap water, 
filtered through a Berkefeld filter, was used for controls; it was 
also used for making dilutions from the stock solution of sine zul- 
phate, so as to make the test solutions differ from the control only 
in the presence of the zinc sulphate. 

A stock supply of the plants was kept in the greenhouse in 
jars with snails. Small amounts were brought into the laboratory 
from time to time, and kept in filtered water. Specimens put into 
test solutions were taken directly from filtered water. The 
temperature of the water or solution was between 19 and 25 C. 
at the beginning of all the observations ; at the beginning of all 
but a very few it was between 21 and 24 C. The light used for 
all the observations was that of a 60-watt lamp coming to the 
mirror of the microscope through an ammonia copper sulphate 
globe. 

For most of the work with Elodea the following method was 
used: Several healthy looking leaves were taken from the same 
region of the same stem, and placed, some in a separate dish of 
filtered water, and some in a similar dish containing about an 
equal amount of the zinc sulphate solution. One of the leaves 
from the zinc sulphate solution was then mounted on a slide in 
some of the same solution, and observations were made on from 
three to five of its cells. This was done within an hour and a half 
of the time of starting. Then a leaf from the dish of filtered 
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water was mounted and observed similarly. This whole proceed- 
ing was carried on within two hours and a half. 

For the last part of the work with Elodea, the method was 
changed in the following way: The control observations were 
made first. Then the same leaf was put into the zinc sulphate 
solution and observed again. It was impossible, however, to 
test the same cells again. The whole observation was made 
within an hour and a half; and the specimens were left in the zinc 
sulphate solution not more than an hour. 

The time required for a chloroplast to be carried the length of 
the cell was determined with a stop-watch that could be read to 
tenths of a second. Five such observatons were made for each 
cell and averaged. The length of the cell was then measured with 
a micrometer eyepiece. From twelve to twenty-five cells were 
tested for each concentration used. The lengths of the cells 
timed in one concentration were averaged; the average timings 
for the cells timed in one concentration were averaged; and the 
results were reduced so as to express the rate of movement for 
the concentration in terms of seconds per ioo microns. The 
results are also expressed in terms of per cent acceleration or retar- 
dation of the normal, or control, late. 

Most of the zinc sulphate test observations were made on 
different leaves from the controls, and all were made on different 
cells from the controls. On this account, a general average of all 
the normal observations was considered the best control to use for 
all concentrations. This base normal rate was an average of the 
timings of 137 cells. 

For all the work with Chara the following method was used: 
A healthy-looking piece was taken from the tip of a plant, and 
observations were made on from one to four of its cells. The 
piece was then put into the test solution, and new observations 
were made on the same cells. Ten normal and ten test observa- 
tions were made for each cell. All the observations on one piece 
were made within an hour and a half; and, for the most part, one 
piece was left in the test solution not longer than three quarters 
of an hour. 

The time required for a particle in the cytoplasm to be carried 
the whole length of the micrometer scale was determined ; under the 
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magnification used this was a distance of 595 microns. (For one 
concentration a distance of 420 microns was used.) From fifteen 
to eighteen cells were tested for each concentration. For the 
sake of comparison the averages were reduced to seconds per 100 
microns, and as for Elodea, results are also given in terms of per 
cent acceleration of the normal. 

Since the test and control observations were made on the same 
cells in every case, no base normal rate was calculated ; the average 
of the normal timings of the particular cells tested for each con- 
centration, was used as the normal for that concentration. 

The work with Chara was more satisfactory than that with 
Elodea in several ways. Because of the larger size of the cells, it 
was possible to time the movement through a much greater 
distance, thus lessening the magnitnde of error. It was 
possible to obtain the normal rate for the same cells that were 
tested, thus limiting the factor of individual variation. Because 
of the greater ease of making observations and of finding suitable 
cells, it was possible, with the same expenditure of time, to make 
twice as many observations on each cell, thus again lessening 
the magnitude of error. 

To prevent the crushing of Chara cells, the cover-glass was 
supported on two narrow strips of glass, cut from an ordinary 
slide. In general, in all this work, observations were made imme- 
diately upon placing the material under the microscope, and imme- 
diately after placing the material in test solutions. However, in 
case a cell showed a steady rise or fall in its rate, observations 
were continued until the rate became fairly uniform for the five 
or ten necessary consecutive observations. Uniformity was 
usually reached in a few minutes. 

By reference to Table I and Fig. i, it will be seen that very 
weak zinc sulphate solutions, 0.0002 N to 0.001 N, do accelerate 
the movement in Elodea cells. The concentration at which the 
greatest acceleration was observed was 0.0003 N, the acceleration 
being 14.85 per cent of the normal rate. Acceleration becomes 
less blow this concentration, and also falls off as the concentration 
rises. At 0.001 5 N retardation is seen. There appears to be some 
irregularity in the retardation, but that was not the phenomenon 
of special interest in this study. By reference to Table II and 
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TABLE I 
Elodea 



Fraction N 


No. of cells 


Average dis- 


Rate per 100 mi- 


% Acceleration 


% Retardation 


ZnSO« 


tested 


tance in microns 


crons in seconds 


of normal 


of normal 


0.0000 


137 


105.30 


16.83 








0.0002 


23 


96.80 


14.66 


12.88 




0.0003 


25 


IO4.50 


14-33 


14-85 




0.0005 


12 


130.15 


15-75 


6.42 




0.0010 


12 


99-05 


16.45 


2.26 




0.0015 


14 


105.90 


18.12 




7.66 


0.0020 


19 


120.50 


17.26 




2.56 



Fig. 2 it will be seen that very weak zinc sulphate solutions, 
0.0004 N to 0.0015 N, do accelerate the movement in Cham cells. 
The concentration at which the greatest acceleration was observed 
is 0.001 N, the acceleration being 20.58 per cent of the normal 




O.OOOXN 0.0005 N 
o 0.0OO3 N 



0.O610 N 



0.O015 N 



O,OO20,H 



Fig. i. Graph showing per cent acceleration (above "Normal" line) and retar- 
dation (below "Normal" line) of movement in Elodea cells by solutions of zinc sul- 
phate. 

rate. Acceleration becomes less below this strength until at 
0.0003 N there is no effect at all. Acceleration also falls off as 
the strength increases, until at 0.002 N there is no effect. Higher 
concentrations were not investigated. 
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table II 
Chara 



Fraction N 
ZnS0 4 


No. of cells 
tested 


Distance in 
microns 


Rate per 106 microns 
in seconds 


% Acceleration of 
normal 


1 ' 

2 ' 

3 ' 
4' 

5' 
6< 


' 0.0000 

0.0003 

0.0000 


18 
18 
18 


595 
595 
595 


2.485 
2.485 
2.92 







0.0004 

0.0000 


18 
18 


595 
595 


2.82 
2.69 


3-4 



0.0005 

0.0000 


18 
15 


595 
420 


2.41 
4.18 


10.41 



0.0010 
0.0000 


IS 

18 


420 

595 


3-32 
2.71 


20.58 



0.0015 

0.0000 


18 
18 


595 
595 


2-45 
2-45 


9.6 



0.0020 


18 


595 


2-45 






• It appears, then, that Elodea cells are sensitive to weaker zinc 
sulphate than Chara cells, but that the maximum acceleration is 
less. It is also evident that the concentrations of zinc sulphate 
found by this study to cause the greatest acceleration of streaming 




O.0O03N 0.0005N O.OO10N. o:ooiS"'M O.0020N 
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Fig. 2. Graph showing per cent acceleration of movement in Chara cells by 
solutions of zinc sulphate. 

in Elodea and Chara, are in the neighborhood of those found to 
cause the greatest stimulation of the growth and metabolic activi- 
ties in certain fungi by the work of Richards (2, 3) and Latham (4) 
already referred to. 
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The results of this study are offered as additional evidence that 
very dilute poisons act as stimulants to plant cells. 

This work was done at the suggestion and under the direction 
of Dr. Herbert M. Richards, to whom the writer is greatly in- 
debted for advice and encouragement. 

Botanical Laboratory, 
Barnard College, 

Columbia University. 
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